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The purpose of this study is to cla]~ify the mechanlsms of constituent transport and mixing processes in the 
stratosphere and troposphere. For lhis purpose, three-dilr]ensional distribulions of ozone and related species are 
reanalyzed with a Chemicdl Transport Model (CTM). A new diagnostic lool for meridiona] constiluenls lransport is 
developed and used to provide dynamlcal insight into the problems of atmospheric transport. Using- this, detailed 
analyses are macie of mean-meridional and eddy lransports of minor constituents and their seasonal varlations. 
In the ozone reanalysis system, three-dimensiona] constituent fields, includlng ozone, are reproduced by the CTM 
coupled to a General Circulatlon Model (GCM) th,at nudges atmospheric objective analyses of ERA40. Flrst. in order 
to improve perf'o]'mance, we make a sensitivity experiment of reanalyzed ozone to changing meteorological variables 
to be assimilated into the GCM. Two expe]'iments were perfonT]ed; one nudges on]y horizont'al wind (mechanical 
nudging), and the olher nudges both horlzonlal wind and temperalure (mechanical and thermal nudgin_a*). The two 
experiments show signific~tntly dlfferent ozone rield, due to lhe cold bias of the GCM. Mechanical nudging- causes 
we'aker meridional circulation in the lower stralosphere 'and a stron_cr_er circulation in the troposphere, compared to 
the ERA40. Thermal nudging causes a SpLll'ioLIS heat source f'rom the syslematic errors in the GCM, which makes the 
meridional circulation stronger in lhe lower stratosphere and we'aker In lhe troposphere. The meridional circulation 
ot' the nud_*cred GCM and reanalyzed ozone fi]ed depend considerably on the relaxation time for the therma] nud_(T*jng. 
Second. a dia*cr*nostic tool is proposed to analyze the meridional constituent transport, where the mean-me]'idional 
transport eclu'alion is formulated based on mass weighted isentropic zonal means . In comparison with the 
conventlonal methods, the present diag*nosis is shown to have advantages for the expression of both the mean and 
eddy transport terms. The adiabatic eddy 1'1ux is separated from the diabatic edd), flux, which is parallel to the 
 isentropic surface. The 'analysis shows th･at lhe eddy flLIX is almost adiabatic except that it is significantly affected by 
diabatic effects near the lower troposphere. Another advantage lies in the ll~ean merld}ona] transport. Although it is 
almost similar to the transformed Eulerian mean (TEM), si_*c'nificant dlfferences can be foLlnd near the Antarctic polar 
vortex due to nongeostrophic effects. Furthermore, the isentropic diagnosis expresses a strong equatorward flux near 
the lower boundary, while the TEM hardly does thls because of inadequate treatment of the lower boundary 
conditions. This diagnosis method enables us to _(T*et better insight into the meridional transports. 
By using the new dia*O_nostic tool, mean-meridional transport and mlxin_cr* processes are analyzed from reanalyzed 
c]ynalnical and thermodynamical fields and constituent fields; 
The life cycle of ozone can be understood throu_(J*h the exact estimation of the tr'clnsport terms. Although the 
slratospheric meridiontl] transport is mainly perfo]~med by the Brewer-Dobson clrculalion, the strong poleward eddy 
ozone tlLIX is' caused by planetary Wave breaking, especially in the winter hemisphere. In the extratropical lower 
stratosphere 'and upper troposphere, the ozone subsldes due to mean downward motions and is dlffused to the lower 
latitudes probably due to bar~oclinic waves. These eddy fluxes appear to be separated into two streams alon_c'* the 
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 iselltl'opicsurfacesinthemid-latitudes,equ飢orward-upwardfluxinthebwerst1『atosphereandequatorward-
 downwardfluxintheuppertroposphel'e.Nearthesllr「ace,ial-geequatorwardtra!1sportappearsdしIetostrong
 meridional伺owsalldeffectivelylos[[hl-oughchemicalprocessesaroundthesLlbtrq)ics.
Seasonalvariatiollsofthemeridiollalozolletl'allsportalldtheircolltributiollstothetotalozonealnoullta1'eaiso
 hlvestigated.Thestratospherlcpo!ewardmeanozonetransportdecreasesthe[otalozoneamoしmtinthetropicsand
 increasesi[intheext1'an'opics.Thenユeanozollefluxconvergellceiscente1'edilearthepolehlthenor[hel'n
 hemisphe1'ealldhasconsi〔terableseasona!variatiollwithamaximumillkltewinter.Inthesouthernhemisphereitis
 cemeredoutsldeofthepo!arvortexwithweakerseasolla1variation.Seasollとtlvariationoftheしropicaldivergenceis
 alsocausedbytheBrewer-Dobsollcirculation,whichisgreaしestinthenorthemwinter.Theeddyozonetrallsportis
 most]yequatorwとlrdhltheIowerstratosphereandtroposphere,sincetheextratropicaldownwardtransportformsthe
 lsenlropicpoIewardgradientoftheozonemixhlgratio、Anexceptiollisthatastrongpolewardeddytransport
 increasestheしotと110zoneamounmeartheAntarcticlnlatesp1'hlg.ThelransportcharacteristicsarediscussedindetalI
 durlnganda「terthebreakdownoftheAntarcticI)olarvortex.
 Meridiollaleddyt1-allsportsofmhlorconsdtuelltsal'esometimescharacterizedbyisentropichorlzontaldiffロsioll
 coefficiems.AsystematicsurveyofthecommonaIityalldcollstituemdepelldellcyofthediffusioncoefficientelユables
 ustoinvestigatethegenerと11aspectsofatmosphericmlxillgprocesses.Lollg-livedspecieshavecommollseasonal
andlatitudinalvarlationsofdiffusioncoefficiellts,whichsuggestcommollalityofthennearf!ux-gl-adiem
 reiatiα1shlP、Tlledlffusiollcoefflcielltsforlifethnesshorterthall$10〈6$secbecomecαlsidei『ablygreaterthantllose
 forlon9-livedspeclesalldhldicatethesigllificanceofnolllilleareffects.Shol層terlifetimesalsol'esulthlgreaterrとltio
 oftheeddytothemeallmeridionaltrとlnsports.
Thestratosphericconstituentgradielltsare]argeatthesubtropicsa}]dpolarvo1'[exedges,Theyevolvethroughdle
verticaladvecdonandisentropicmixillghlthestratosphere.Themeridiollalsllearofthemeallvel'dcallllotioll
mahllyprodLlcesthesubtropicaledgeswi[hgradie11[maxi]11ahlearlyspringalldea1'lyau[u111n.Thesubtropicaledge
 ismoreclearlyseenhltheuppersn-aしospherethanill[he1owerstratosphere」sentropicmixinghastwoeffectsl
 Producillglhemel-idiollalconstituentg1'adlentdueしoitsstairstepeffect,reduchlgthecLlrvatureofcollstltuelltslopes
 andthemeridionalcollstituelltgradiellLltsredltchlgeffectmakesthesubtropicaledgesLmclea1『erluthedecayphase
 ofthesllbb'oρicaledge,pal'dculal'lyfrollllateautumntolatewhlter、Incom1'asttothesubtlupics,theproducillg
 effectofisentropicmixingeffectivelysteepellsconstitllelltgradienmeal『theAlltarcticpolal'vol'texedge.partlcularly
hltheloweI-smltosphere.
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 論文審査の結果の要旨
 宮崎和幸の研究目的は,オゾンを始めとする大気微量成分の子午面輸送機構を解明することである。
 輸送解析には大気微量成分の精密な3次元データを利用するため,最初に,気象研究所で開発された大
 気微量成分再解析システムの改良に取り組んだ。微量成分の再解析には大気大循環モデルに結合された
 化学輸送モデルを用いる。日々の'大気状態を忠実に再現するため,ニュートン強制によりモデル大気を
 客観解析に近づける。大気大循環モデルを利用することによって運動場や微量成分分布の力学的整合性
 を高めることができる。しかしながら,大気'大循環モデルが気温のバイアスを持つと,客観解析との不
 整合により,輸送量に系統的な誤差を生じる。本研究では,強制項の緩和時定数を運動方程式と熱力学
 方程式で独立に調整することにより,輸送の誤差を最小限に抑えることができることを示した。
 次に,子午面輸送の新しい解析ツールを開発した。これは温位面での質量荷重帯状平均に基づき平均
 輸送と渦輸送を定義するものである。気圧面での帯状平均に基づく従来の方法と比べると,準地衡風近
 似を仮定せずに平均流輸送を評価できること,下部境界を正しく扱えること,物理的イメージが明快で
 渦輸送の評価も容易であること,などの和し点がある。
 新しい解析ツールを用いて,オゾンを始めとする大気微量成分の輸送メカニズムを解析した。その結
 果,平均流による輸送では下部境界付近や極渦周辺で従来とは異なる結果を得た。また,成層圏のオゾ
 ンの渦輸送に関してはほぼ等温.位而に沿う断熱過程が支配すること,これに対し対流圏下層の渦輸送で
 は温位面との交差が見られ非断熱効果が認められること,また渦輸送が上部成層圏では極向き下部成層
 圏と対流圏では赤道向きであることなどを見出した。輸送と光化学生成消滅に関する知見を整理しオゾ
 ンのライフステージを明らかにした。そのほか,詳細な輸送解析から,亜熱帯や極渦縁辺の輸送障害壁
 が微量成分分布に及ぼす影響などを明らかにした。
 宮III奇和幸はこのように大気微量成分研究のインフラとなる再解析の精度向上に貢献するとともに,新
 しい輸送解析ツールを開発し,大気微量成分の輸送メカニズムに関する新しい知見を得た。これらの成
 果は自立して研究活動を行うに必要な高度の研究能力と学識を有することを示している。したがって宮
 崎和幸提出の博士論文は,博士(理学)の学位論文として合格と認める。
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